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Restrictive 
Blood 
Transfusion

7 g/dL for Everyone

OR

Different thresholds by clinical 
subgroup



AABB Guideline 
Recommendations

• For hospitalized adult patients who are 
hemodynamically stable, the international panel  
recommends a restrictive transfusion strategy 
considering transfusion when the hemoglobin 
concentration < 7 g/dL, (strong recommendation, 
moderate certainty evidence).

• Based on the restrictive strategy threshold used in 
most trials, clinicians may choose a threshold of 7.5 
g/dL for patients undergoing cardiac surgery and 8 
g/dL for patients undergoing orthopedic surgery or 
those with pre-existing cardiovascular disease.



Good Practice Statement

We consider it good clinical practice in deciding 
when to transfuse a particular patient to 
consider not only the hemoglobin level, but 
also symptoms, signs, other laboratory results, 
and the overall clinical context.  
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Background

▪ Anemia is common in patients with acute MI

▪ Indications for red blood cell transfusion in MI patients are 
controversial given the paucity of evidence 

▪ Three trials have compared transfusion thresholds in 820 
patients with MI and found inconsistent results 

▪ Trials in other clinical settings suggest use of restrictive 
transfusion strategy is safe



Objective

To determine whether the risk of death or MI through 30 

days differed with a restrictive transfusion strategy with a 

hemoglobin threshold of 7 to 8 g/dL as compared to a 

liberal transfusion strategy with a hemoglobin threshold of 

10 g/dL among patients with an acute MI and a hemoglobin 

concentration <  10 g/dL 



Methods
▪Randomized controlled trial 

▪ Enrolled April 2017 to April 2023

▪ 144 sites in the United States, Canada, 
France, Brazil, New Zealand and Australia 



Brazil  105

United States  2157

Canada  885

France  323

Australia  9

New Zealand  25



Exclusions 
▪Uncontrolled bleeding 

▪Receiving only palliative treatment 

▪ Scheduled for cardiac surgery 
during the current admission

▪Declined blood transfusion

Inclusions
▪ 18 years or older 

▪ STEMI or NSTEMI

▪ Types 1, 2, 4b, and 4c MI

▪Hemoglobin concentration 
   < 10 g/dL within 24 hours



Transfusion Strategies

Restrictive strategy: transfusion permitted, but not required, when 
hemoglobin concentration < 8 g/dL and strongly recommended when 
< 7 g/dL or when anginal symptoms not controlled with medications  

Liberal strategy: 1 unit of packed red blood cells administered 
following randomization and red blood cells transfused to maintain 
hemoglobin concentration ≥ 10 g/dL through hospital discharge or 30 
days



Outcomes

▪Primary outcome: composite of all-cause death or MI up to 30 days 
following randomization 

• MI adjudicated by masked committee

▪Prespecified secondary outcomes 

• 30-day death 

• 30-day MI

• Composite of death, MI, ischemia driven unscheduled coronary revascularization, 
or hospital readmission for ischemic cardiac diagnosis within 30 days 

▪Cause of death was classified as cardiac, non-cardiac, or undetermined 



Analysis Plan and Power

▪ 80% power to detect 20% relative difference in primary outcome 
assuming overall event rate of 16.4% 

▪ Target sample size 3500 participants

▪ Intention-to-treat analysis

▪ Two-sided test with alpha=0.05

▪ Log-binomial regression model using multiple imputation



CONSORT 
Diagram 

Follow-up for 
Primary Outcome

98.3% 

Consent 
3530

Randomized 
3506

Ineligible 
24

Liberal    
1757

Restrictive 
1749

Complete Data              1729 (98.9%)
• Died by Day 30                                      238
• Contact / Proxy / Medical Record   1491

 Incomplete Data                  20 (1.1%)
• Withdrew/Lost with Vital Status      12
• Withdrew/Lost No Outcomes              8  

 Non-Analyzable Data                0 (0%)
• Withdrew with No Data                        0

Complete Data              1718 (97.8%)
• Died by Day 30                                      201
• Contact / Proxy / Medical Record   1517

 Incomplete Data                  37 (2.1%)
• Withdrew/Lost with Vital Status       9
• Withdrew/Lost no Outcomes            28  

Non-Analyzable Data             2 (0.1%)
• Withdrew with No Data                       2



Baseline Characteristics

Characteristic

Restrictive

 (N=1749)

Liberal 

(N=1755)

Age in years, mean (SD) 72 72

Female (identity), n (%) 44% 47%

White or Caucasian 78% 78%

Black or African-American 14% 14%

Multivessel CAD >50% 66% 65%

NSTEMI 82% 81%



Baseline Characteristics

Characteristic

Restrictive

 (N=1749)

Liberal 

(N=1755)
Type 1 MI 42% 42%

Type 2 MI 55% 56%

Revascularization prior to 
randomization

29% 28%

Heart failure in-hospital 22% 23%

LV ejection fraction (%) 47% 48%

Intubated on ventilator 14% 13%

Renal dialysis 12% 12%
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      Units of Blood by Assigned Strategy
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Primary Outcome Over 30-days



Secondary and Other Outcomes 



30-day 

Death or MI 

by Baseline

Pre-specified 

Subgroups 

Subgroup

Entire Study

Index MI Type

   Type 1

   Type 2

STEMI or NSTEMI

   STEMI

   NSTEMI

Revasc. Pre−Rand

   No

   Yes

Hx CHF/Acute CHF/Low LVEF

   No

   Yes

Hemoglobin category

   <8

   8 − <9

   9 − <10

Type of Anemia

   Chronic anemia

   Acute anemia

Sex

   Male

   Female

Age

   <60

   60−69

   70−79

   >=80

RR (95% CI)

1.16 (1.00, 1.35)

1.32 (1.04, 1.67)

1.05 (0.85, 1.29)

1.04 (0.72, 1.49)

1.19 (1.00, 1.41)

1.17 (0.98, 1.40)

1.15 (0.84, 1.56)

1.06 (0.83, 1.35)

1.25 (1.02, 1.52)

0.97 (0.72, 1.30)

1.23 (0.95, 1.59)

1.23 (0.96, 1.59)

1.26 (1.00, 1.58)

1.12 (0.87, 1.44)

1.21 (0.98, 1.49)

1.11 (0.88, 1.39)

1.18 (0.70, 1.99)

1.27 (0.91, 1.78)

1.13 (0.89, 1.42)

1.08 (0.81, 1.45)

0.50 1.0 2.00

<−Restrictive Better−−   −−Liberal Better−>



Limitations

▪ Like all transfusion trials, assigned strategy was 
not masked

▪Although pre-specified, cardiac death was not 
designated as primary, secondary, or tertiary 
outcome or adjudicated

▪ Trial results not adjusted for multiple 
comparisons



Summary

▪The MINT trial did not demonstrate a 
statistically significant difference in the rate of 
30-day death or recurrent MI in patients with 
acute MI and anemia assigned to a restrictive 
compared to a liberal transfusion strategy  

▪While not statistically significant, the point 
estimates for the primary outcome and 
secondary outcomes consistently favored a 
liberal transfusion strategy

▪Heart failure and other safety outcomes were 
comparable in the two transfusion groups



Clinical Implications

▪Whether to transfuse is an every day decision faced by 
clinicians caring for patients with acute MI

▪We cannot claim that a liberal transfusion strategy is 
definitively superior based on our primary outcome 

▪The interpretation of the MINT results requires 
consideration of the meaning of relative risk and 
confidence intervals in this trial  



Statistical vs Clinical Significance

▪ The lower confidence interval of 0.99 means that if patient is 
transfused using the liberal threshold, there is a very small 
chance that the patient is not  benefited.

▪ The relative risk of 1.15 and upper confidence interval of 1.34 
suggests that there is a clinically significant benefit; 15% to 34% 
relative odds that the patient will have less recurrent MI or die 
within 30 days.



Clinical Implications

▪ The secondary outcomes consistently favored liberal transfusion 
and the risks associated with liberal transfusion were not 
elevated.   

▪Absolute risk difference

▪Primary outcome- 2.4%; Number needed to treat of 42

▪All cause mortality – 1.6%; Number needed to treat 63

▪Conclusion:  Clinically important effect



Clinical Implications

▪ In contrast to other clinical settings, the trial 
results suggest that a liberal transfusion strategy 
has the potential for clinical benefit with an 
acceptable risk of harm

▪A liberal transfusion strategy may be the most 
prudent approach to transfusion in anemic 
patients with MI 



Thanks to the MINT Investigator team

and to all of the MINT trial participants!
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